INTRODUCTION
Heparin has been the standard anticoagulant for percutaneous coronary intervention (PCI) since the first PCI was performed. In the current era of coronary interventions, bivalirudin and groin closure by device have made an impact on bleeding complications related to PCI. [1] [2] [3] For ischaemic clinical end points, bivalirudin has been shown to be effective in lowering major and minor bleeding complications for patients of moderate risk. [4] [5] [6] More recently, bivalirudin demonstrated a reduction in 1 year mortality and recurring myocardial infarction (MI) compared with heparin+glycoprotein IIb/IIIa inhibitor among high risk patients. 7 Bivalirudin performance across different clinical and interventional settings (High risk ST segment elevation MI (STEMI), PCI, acute coronary syndrome) has been established in regards to decreasing PCI-related bleeding and bleeding-related outcomes. [8] [9] [10] [11] [12] [13] [14] Bivalirudin as the sole antithrombotic strategy for high-risk PCI patients and for preferential treatment strategies based on risk modelling has become popular in the medical literature. 8 12-14 Although bivalirudin is effective in reducing bleeding among moderate risk groups and in improved ischaemic outcomes for high-risk groups, studies have not adequately examined their impact among lower risk (non-STEMI (NSTEMI)) elective PCI patients. The aim of this study was to compare in-hospital major bleeding outcomes in risk-stratified PCI patients receiving bivalirudin versus unfractionated heparin with and without access device closure.
KEY MESSAGES
What is already known about this subject? ▸ Bivalirudin is beneficial in STEMI and Non STEMI patients.
What does this study add? ▸ That bivalirudin is beneficial, when compared to heparin, in lower risk patients (eg, patients with negative troponin).
How might this impact on clinical practice? ▸ The evidence from real world clinical practice data suggests that bivalirudin is beneficial even in elective patients and should be considered for low, as well as, high risk patients undergoing PCI.
METHODS

Study design and population
This is a real-world, large-scale retrospective study utilising data from a 37-hopsital Ascension Health System (AHS) registry. A central repository was initiated with mandatory reporting of 84 well-established data points defined by the American College of Cardiology/ American Heart Association (ACC/AHA) Guidelines on Key Data Elements. 15 Data were entered prospectively by trained personnel at the time of the heart catheterisation for consecutive patients from all hospitals performing catheterisation in this healthcare system. The database is routinely audited for accuracy and completeness. All patients undergoing a cardiac catheterisation procedure were included in the database. No patients are excluded. The registry represents procedures and devices as used in routine practice per operator discretion. The most recent 3-year period from 1 June 2009 to 30 June 2012 is included in this study.
Data collection
Clinical variables collected for the study included demographics, clinical data, devices, intraprocedure and postprocedure events, access site, closure method (all devices, extravascular and intravascular, were grouped together and compression includes manual and mechanical), and discharge status. End points were defined according to the ACC. 15 The data in this AHS registry are directly reported from the procedure to the registry. This AHS registry reflects current clinical practice at community hospitals in the USA.
Measurements
The primary end point included complications of major bleeding. Major bleeding included events of bleeding within 72 h postprocedure, with at least one of the following: haemoglobin drop ≥3 g/dL, transfusion of whole blood or pack red blood cells, and procedural/ surgical intervention at the bleed site. All significant complications are captured by the registry.
Statistical analysis
Outcomes were compared between anticoagulant therapy groups (heparin vs bivalirudin adjusted for 2B3A inhibitors) and access closure approaches (any device vs manual or mechanical compression). Sample size determination for increased efficacy of device closure over compression was based on an estimated incidence of the primary end point of 2% in the compression group with a 25% decreased rate in the device group. A sample size of at least 40 000 procedures was planned. A trial of this size has 90% power at an α level of 0.01 to show a decrease in incidence of the primary end point from 2% to 1.5% as significant. Statistical analysis was performed using the Statistical Package for the Social Sciences, V.18.0 (SPSS, Inc, Chicago, Illinois, USA).
Continuous data were expressed as mean±SD and categorical data as percentages. Differences between groups with continuous data were performed by independent t test and for categorical data, by χ 2 analysis and OR. Linear relationships of continuous data to outcome measures were derived by logistic regression modelling adjusting for differences in baseline characteristics observed between groups that potentially influence the outcome of interest. Multivariate logistic regression modelling was used to determine factors independently associated with each outcome. Initial modelling included containing and controlling for potential confounders and interaction terms. The initial model loaded all of the variables into a forward stepwise regression with the variable entry rule set at 0.05 and the removal rule set at 0.10. Interaction terms for closure method and anticoagulant were included. The effect of anticoagulant, and closure method, was tested according to risk groups by stratification. 2B3A inhibitors were retained within the model. The relative contribution of each measure in the outcome prediction was estimated by the relative increase or decrease of the β with the addition of each variable by stepwise fashion. The study was approved and conducted under the regulations of the health system institutional review board. No extramural funding was used to support this work. The authors are solely responsible for the design and conduct of this study, its analysis, and the drafting of the paper, as well as, its final contents.
RESULTS
A total of 93 282 catheterisation procedures were included in the database. Of these, 58 862(63.1%) were PCI. Elective (n=23 837, 40.5%), urgent (n=26513, 45.0%), and emergent (n=8348, 14.2%) and are included in this analysis. There were 47.7% (n=28 088) patients with Unstable Angina (UA)/NSTEMI, 13.5% (n=7948) with STEMI, and 33.1% (N=19 468) other. The majority was male (n=39 379 or 66.9%), Caucasian (n=53 663 or 91.2%), and the average age was 64.5 years (SD: 12.0). Current smokers accounted for 29.6% (n=17 430) and almost half had a previous intervention (n=26 913 or 45.7%). The mean body mass index (BMI) was 30.6 (SD: 10.8) with 33% (n=19 406) above 32 (obese).
Compression closure occurred in 81.1% (n=47 721) of procedures followed by device closure (n=11 141 or 18.9%). The femoral artery accounted for the majority of arterial sites accessed (n=55 781 or 94.8%) followed by 2751 (4.7%) radial and 220 (0.4%) brachial. There were 20 808 (35.4%) patients treated with bivalirudin and 38 008 (64.5%) treated with unfractionated heparin (with and without 2B3A inhibitors). Patient demographics and procedural characteristics overall and by anticoagulant group are presented in table 1.
Risk factor analysis
The following analysis is confined to femoral procedures only (n=55 781). Patients at higher risk of bleeding included STEMI patients, women, older age, current smokers, those with a history of heart disease, diabetes, with kidney disease, with lung disease (table 2) .
Those with BMI greater than 27, dyslipidemia, prior MI, or a prior procedure were at decreased risk of bleeding. After controlling for age; only gender, lung disease, kidney disease, and current smoking remained significant predictors of major bleeding complications. Women were at 2.4 times a greater risk then men after adjustment (OR=2.4, CI 2.2 to 2.8, p=0.000). Their higher risk held for each of the risk categories (table 3) .
Normal BMI (≤27) was associated with less bleeding than overweight/obese BMI (>27). Female gender remained a highly significant, independent predictor of bleeding risk regardless of age, BMI or smoking. The unique contribution of female gender, controlling for age and BMI, explained a majority of the risk (R 2 =77%, OR=2.2, CI 1.9 to 2.5, p<0.001). Kidney disease was the second most significant predictor of bleeding risk (R 2 =62%, OR=1.8, CI 1.3 to 2.7, p<0.001).
Treatment effect analysis Univariate analysis
On univariate analysis, bivalirudin demonstrated a decreased major bleeding rate compared with heparin (1.7% vs 2.5% respectively, p=0.000). This equates to a 32% relative risk (RR) difference in bleeding (RR=0.66, CI 0.58 to 0.75; figure 1 ). Stratified by PCI indication, the anticoagulant differential favoured bivalirudin for each indication but was only significant for NSTEMI patients. Among STEMI patients the bleeding rates for bivalirudin versus heparin were 5.2% vs 5.9% ( p=0.349), among NSTEMI patients they were 1.7% vs 2.1% ( p=0.046), and among Stable Angina patients they were 1.1% vs 1.3% ( p=0.45).
2B3A inhibitors demonstrated a potent effect on bleeding rates regardless of anticoagulant or PCI indication. On univariate analysis, we observed 2.5-4 times the bleeding rates for patients having 2B3A inhibitors on board depending on PCI indication (4.3% vs 1.3%, RR=3.3, CI 2.9 to 3.8, p=0.000) (table 4). The lowest bleeding rate for women was the combination of bivalirudin and device which is a 59% relative drop in bleeding. Men also had their lowest rates of bleeding in the bivalirudin and device combination but the magnitude of the decline was much smaller than that for women.
A majority of STEMI patients received 2B3A inhibitors (n=5195, 67.5%) and most of the 2B3A inhibitors were given with heparin (n=4828, 92.9%). The 2B3A rate overall among patients receiving bivalirudin was 8.1% (n=1590) and by indication the 2B3A rate by anticoagulant was: STEMI (heparin 74.6%, bivalirudin 30.2%), NSTEMI (heparin 37%, bivalirudin 7.6%) and Stable Angina (heparin 31.5%, bivalirudin 5.7%). Among STEMI patients, bleeding rates for patients receiving When the addition of 2B3A inhibitors and PCI indication were taken into account, the benefit of bivalirudin is no longer evident in the univariate analysis ( figure 2) . Across all indications, bleeding rates between bivalirudin and heparin were similar and/or did not differ significantly regardless of 2B3A inhibition. However, these rates do not control for other patient characteristics that differ by anticoagulant. We controlled for these in the multivariate analysis.
Multiple regression analysis
Many patient factors differed significantly between those receiving bivalirudin and heparin (table 1) . These factors were controlled in a multivariable logistic regression analysis. The initial regression resulted in several factors not predictive of major bleeding (race, dyslipidemia, prior acute MI, prior coronary artery bypass grafting). The final regression analysis is shown in table 5. Female sex was an independent significant predictor of bleeding (OR=2.1, CI 1.9 to 2.4, p=0.000). It contributed the most, of patient characteristics, to this model for risk of bleeding (B=0.75). Although older age was a significant predictor of bleeding, when controlling for other factors, it contributed little to the risk differential (B=0.033). Prior PCI was a strong predictor (B=0.73) of lower risk of bleeding (OR=0.5 7, CI 0.49 to 0.65, p=0.000). Kidney disease (B=0.62) and lung disease (B=0.49) were both significant independent predictors of bleeding in the model. All other factors were either not significant or contributed little to the risk differential.
2B3A inhibition was a strong, independent predictor of increased risk of bleeding (OR=3.4, CI 2.9 to 3.9, p=0.000). In addition, bivalirudin was a significant independent predictor of lower risk (OR=0.38, CI 0.19 to 0.76, p=0.01). Closure device did not show a significant association to bleeding risk ( p=0.11). However, we did observe a significant interaction between closure device and anticoagulant ( p=0.003; figure 3) .
The regression analysis was stratified by PCI indication and the effect of bivalirudin was modified (table 6) .
Among STEMI patients (n=7696 or 13.8%) major bleeding rates did not differ significantly between anticoagulants (OR=1.8, CI 0.54 to 6.04, p=0.34) when controlling for the added use of 2B3A inhibitors. Among NSTEMI patients (n=26 485 or 47.5%) bivalirudin was significantly associated with fewer major bleeding outcomes (OR=0.21, CI 0.08 to 0.57, p=0.002). For patients with Stable Angina (n=21 573 or 38.7%), bivalirudin was also significantly associated with less bleeding (OR=0.14, CI 0.03 to 0.78, p=0.02). The effect of a closure device as protective against bleeding risk was only observed among STEMI patients and an interaction between anticoagulant and closure device was only observed among NSTEMI and Stable Angina patients ( p=0.001 and p=0.013, respectively). The added benefit of device was greatest among female bivalirudin patients (figure 4).
DISCUSSION
As a direct thrombin inhibitor, bivalirudin is considered as an alternative to unfractionated heparin for higher risk patients undergoing PCI. [16] [17] [18] [19] [20] Several studies demonstrate the effectiveness of bivalirudin over heparin and device closure over compression among women, the elderly, and STEMI patients. 12 14 15 21-23 Our findings extend these studies by showing that there is a benefit with bivalirudin but it is modified by MI risk and the utilisation of 2B3A inhibitors. The HORIZONS trial suggested, for patients on a study protocol, that bivalirudin was superior to heparin. 20 However, our data suggest this is not the case among STEMI patients. In clinical practice, 2B3A inhibitors are used liberally, and in the current registry over 67% of STEMI patients received them. A majority was used (92%) in STEMI patients receiving heparin. However, their use was greater with heparin in NSTEMI and Stable Angina groups and bivalirudin retained an advantage in lowering bleeding risk.
The differentially high utilisation of 2B3A with heparin compared with bivalirudin in STEMI patients may be enough to mask an effect for bivalirudin.
For NSTEMI and Stable Angina patients, bivalirudin was superior to heparin even after adjusting for confounding factors. Many of these patients, (more than 30%) also received 2B3A inhibitors. The magnitude of its effect on major bleeding was extremely large, in some cases four times the rate of bleeding compared to patients not receiving 2B3A inhibitors. Major bleeding following PCI is strongly associated with increased Figure 2 Major bleeding rates by risk category and GPI utilisation: numbers are reported as n(%).
mortality risk 17 and the addition of 2B3A inhibitors should be used cautiously. The risk benefit ratio of adding 2B3A inhibitors may be greater than previously appreciated.
We observed an overall interaction for closure device and anticoagulant. The device had a greater impact on bleeding among those treated with bivalirudin and a larger magnitude of effect among women. For women, as compared with men, the rate of major bleeding was three times lower with device than with compression and the slope of the decline due to device was significantly greater in bivalirudin, as compared with heparin, patients. This interaction may be due to the different mechanism of action by bivalirudin within the clotting cascade thereby causing the closure by device to be more effective.
Our data showed women to be at significantly higher risk of bleeding than men in every risk category. They were greatly disadvantaged in the STEMI group of patients receiving 2B3A inhibitors. However, even in the lowest risk groups (Stable Angina with no 2B3A), women had significantly higher rates of bleeding then men, similarly observed in other studies. 24 25 We further observed that a treatment strategy of bivalirudin and closure device was particularly advantageous for these female patients. Bivalirudin and closure device narrowed the gender gap for bleeding significantly for higher risk groups and in the lower risk category, eliminating the disadvantage altogether. Optimising therapy requires further consideration of these lower risk groups. Our findings are consistent with another study showing significant benefit of bivalirudin in lower-risk patients. 16 Another large effect was the protective effect of prior PCI observed in this study. This can be explained by several selective factors and has been reported in other studies. 20 Patients of prior PCI have been exposed previously to higher doses of anticoagulants. They are more likely to tolerate these doses and are therefore more resistant to bleeding than patients who have not had a prior procedure. Separate from patient factors, physicians select patients out of the risk category by opting for procedures based on other bleeding-risk criteria such as the presence of anaemia and the history of bleeding. After adjustment for other confounding factors in our registry, this selection factor remained strong and explains the protective effect in our data.
A limitation to these findings is the retrospective nature of the data. Although the data were analysed retrospectively it was collected prospective and included all patients consecutively presenting for interventions within this national system. Unlike that of trial protocols, these findings reflect real-world practice. We also have to consider that there are additional confounding factors that may have differed between the anticoagulant groups, as well as between those receiving and not receiving 2B3A inhibitors that we were not able to control for with this registry. Lastly, a potential disadvantage for heparin due to varying dosing regimens was considered. However, heparin administration for the PCI procedures in this database, were per physician discretion under current standard recommendations: an initial bolus dose of 70-100 U/kg body weight followed by additional boluses under activated clotting time guidance. 26 Results of the ISAR-REACT 3A trial indicate that a reduced dose of heparin can be used with confidence. 27 Other studies suggest that low-dose heparin does not reduce PCI-related bleeding. 28 Although the heparin dosing regimens used for procedures in this database may vary across the standard range and by indication, per ACC/ AHA guidelines, they are based on the current clinical practice experience in cardiology community centres in the USA. This is also the case for dosing of 2B3A inhibitors and bivalirudin. Therefore, these comparative results are reflective of real-world difficulties in reducing major bleeding complications and the findings support a recommendation of routine use of bivalirudin rather than selective use.
The data for these findings highlight the most recent clinical practices thus published on the topic (2011/ 2012). The findings are robust (58 000patients) and represent a large national cross section of multiple community hospitals.
CONCLUSION
This robust analysis of real-world clinical data demonstrates a substantial treatment effect on bleeding risk with bivalirudin and device and that all groups of patients, regardless of risk category, benefit from reduction strategies for major bleeding. The hazards of 2B3A are substantial and the risk benefit ratio may not justify their use in lower risk patients. The increased risk of bleeding due to female gender may be modified significantly with the strategy of bivalirudin and device.
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